Abstract. An analytical solution for a potential magnetic field with arbitrary intensity around a toroidal magnetic cloud has been found. The background external field may have a gradient. The solution is used for calculation of magnetic cloud propagation. Obtained velocity profiles show a good agreement with in situ observations near the Earth's orbit.
INTRODUCTION
The idea that magnetically isolated bodies, also called "magnetic clouds", may exist in inerplanetary space has been considered before [1] [2] [3] [4] [5] . There are many reasons for these structures to retain common field lines with the Sun [6, 7] . On the other hand, the possibility for such objects to be isolated from the solar magnetic field may not excluded. In order to verify if this hypothesis is consistent with observations of magnetic clouds, including time delays of their launches and arrivals to the Earth's orbit, their velocities observed by coronographs close to the Sun and at 1 AU, we calculated dynamics of isolated bodies of toroidal shape and found their velocity profiles for 5 220 R R R S S < < , where R S is solar radius.
CALCULATION
It is assumed that the main (homogeneous) magnetic field B → 0 is directed along the x axis. A small magnetic field gradient B 1 /L along the x axis is added to the main field. The scalar magnetic potential of the resulting field is
which yields the magnetic field components, as follows:
Φ is a harmonic function, i.e., 0 0 ∆Φ = , which ensures the condition divB = 0 is fulfilled. A toroid with the major radius 0 R and the minor radius r 0 is inserted into this field. The intrinsic system of the toroid will be described in the toroidal coordinates µ , η , and ϕ :
The parameter a is defined as a R r = − − . These functions can be expressed as a sum of toroidal harmonics :
are the Legendre functions of the second kind. A way to obtain these relationships is described in [8] . Now we shall look for the potential magnetic field which (i) has normal components to the surface of the toroid equal to zero and which (ii) tends to the undisturbed field (2) at larger distances from the toroid. That is, we add to the scalar potential (1), expressed in the toroidal harmonics, additional toroidal harmonic functions, for which the additional magnetic field becomes negligible when µ → 0, and for which the total magnetic field component B µ = 0 for µ µ = 0 .
The scalar magnetic potential 1 Φ of the total field is
where the coefficients n a 1 and n a 2 were formally added and they will be selected in order for the two above mentioned conditions, (i) and (ii), to be satisfied. Once the magnetic field around the toroid is found, the diamagnetic force acting on it along the x axis can be calculated: In Figure 4 one can see radial velocities of toroidal magnetic cloud as a function of the radial distance from the Sun. The diamagnetic force given by (6) was used for calculation. Also gravity and the drag force of solar wind plasma were taken into account, in a way similar to that used in [8] . 
CONCLUSIONS
Magnetic field modification caused by the insertion of toroidal body with super-conductive walls into current free medium was calculated. This result can be applied for space and laboratory plasmas.
It is shown that the maximum field increase in the case of a sub-sonic cloud is of the order of 2 times in magnitude.
The obtained formulas for the diamagnetic force can be used for calculation of velocity profiles of toroidal clouds from the Sun to the Earth's orbit. 
